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(54) HEAT INTEGRATION SEPARATION SYSTEM

(57) Provided is a heat integration separation system
including a first column and a second column, wherein
an upper discharge stream of the first column passes
through a compressor to be compressed and then
heat-exchanged with a lower discharge stream of the

second column in a second heat exchanger, an upper
discharge stream of the second column is heat-ex-
changed with a lower discharge stream of the first column
in a first heat exchanger, and Equation 1 (refer to the
specification) is satisfied.
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Description

[Technical Field]

Cross-reference to related application

[0001] The present application claims priority to Korean Patent Application No. 10-2021-0134244, filed on October 8,
2021, the entirety of which are incorporated herein for all purposes by this reference.

Technical field

[0002] The present invention relates to a heat integration separation system, and more particularly, to a system for
separating a multi-component mixture containing three or more components, without using additional cooling energy or
heating energy in separating the multi-component mixture.

[Background Art]

[0003] In a chemical process, a process for separating a desired product from other components in a multi-component
mixture containing three or more components may be performed using a multi-stage column. For example, the mixture
containing the three or more components may include a low boiling point component, a product, and a high boiling point
component having different boiling points, and two or more columns may be required to separate each component.
[0004] For example, a mixture containing three or more components may be supplied to a column of a previous stage,
a high boiling point component may be separated downwardly in the column of the previous stage, a low boiling point
component and a medium boiling point component may be supplied to a column of a rear stage, and the low boiling
point component may be separated upwardly and the medium boiling point component may be separated downwardly
in the column of the rear stage. In addition, a mixture containing three or more components may be supplied to the
column of the previous stage, a low boiling point component may be separated upwardly in the column of the previous
stage, a middle boiling point component and a high boiling point component may be separated downwardly, the middle
boiling point component and the high boiling point component may be supplied to the column of the rear stage, and the
middle boiling point component may be separated upwardly and the high boiling point component may be separated
downwardly in the column of the rear stage.
[0005] As such, when the multi-component mixture is separated using two or more columns, cooling energy is used
in a condenser above the column and heating energy is used in a reboiler below the column. In addition, due to the
occurrence of carbon dioxide according to the use of the heating energy, a problem of sustainability arises continuously.

[Disclosure]

[Technical Problem]

[0006] An object of the present invention is to provide a heat integration separation system which operates using waste
heat during a process to save energy and does not use external fossil fuels in separating a mixture containing three or
more components using two columns.

[Technical Solution]

[0007] In one general aspect, a heat integration separation system includes a first column and a second column,
wherein an upper discharge stream of the first column passes through a compressor to be compressed and then heat-
exchanged with a lower discharge stream of the second column in a second heat exchanger, an upper discharge stream
of the second column is heat-exchanged with a lower discharge stream of the first column in a first heat exchanger, and
Equation 1 below is satisfied. 

[0008] In Equation 1, T1 is a temperature of the lower discharge stream of the first column that is refluxed to the first
column after heat exchange in the first heat exchanger, T2 is a temperature of the upper discharge stream of the second
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column that is refluxed to the second column after heat exchange in the first heat exchanger, T3 is a temperature of the
lower discharge stream of the second column that is refluxed to the second column after heat exchange in the second
heat exchanger, and T4 is a temperature of the upper discharge stream of the first column that is refluxed to the first
column after heat exchange in the second heat exchanger.

[Advantageous Effects]

[0009] According to the heat integration separation system of the present invention, the lower discharge stream of the
first column is heated by utilizing waste heat of the upper discharge stream of the second column by adjusting an
operating pressure of the first column and the second column, and the upper discharge stream of the first column is
compressed by using a compressor in a situation in which it is difficult to exchange heat between the upper discharge
stream of the first column and the lower discharge stream of the second column, so that the upper discharge stream of
the first column and the lower discharge stream of the second column may be heat-exchanged without using additional
fossil fuels, thereby reducing the occurrence of carbon dioxide.

[Description of Drawings]

[0010]

FIGS. 1 to 4 are each a process flow diagram of a heat integration separation system according to Examples of the
present invention.
FIGS. 5 to 7 are each a process flow diagram of a heat integration separation system according to Comparative
Examples.

[Best Mode]

[0011] Terms and words used in the present specification and claims are not to be construed as a general or dictionary
meaning but are to be construed as meanings and concepts meeting the technical ideas of the present invention based
on a principle that the inventors may appropriately define the concepts of terms in order to describe their own inventions
in the best mode.
[0012] The term ’stream’ used herein may refer to a flow of fluid in a process, and may also refer to a fluid itself flowing
in a pipe. Specifically, the ’stream’ may refer to both a fluid itself flowing in a pipe connecting respective devices to each
other and a flow of the fluid. In addition, the fluid may include any one or more components of a gas, a liquid, and a solid.
[0013] Hereinafter, the present invention will be described in more detail with reference to FIGS. 1 to 4 to help the
understanding of the present invention.
[0014] According to the present invention, a heat integration separation system is provided. The heat integration
separation system may include a first column 10 and a second column 20, wherein an upper discharge stream of the
first column 10 may pass through a compressor 30 to be compressed and then heat-exchanged with a lower discharge
stream of the second column 20 in a second heat exchanger, and an upper discharge stream of the second column 20
may be heat-exchanged with a lower discharge stream of the first column 10 in a first heat exchanger 11.
[0015] In a chemical process, a process for separating a desired product from other components in a multi-component
mixture containing three or more components may be performed using a multi-stage column. For example, the mixture
containing the three or more components may include a low boiling point component, a product, and a high boiling point
component having different boiling points, and two or more columns may be required to separate each component.
[0016] As such, when the multi-component mixture is separated using two or more columns, cooling energy is used
in a condenser above the column and heating energy is used in a reboiler below the column. In addition, due to the
occurrence of carbon dioxide according to the use of the heating energy, a problem of sustainability arises continuously.
[0017] In contrast, the present invention provides a heat integration separation system capable of reducing energy
consumption when separating a multi-component mixture containing a product using two or more columns, and reducing
the occurrence of carbon dioxide by not using additional fossil fuels as heating energy.
[0018] According to an embodiment of the present invention, the heat integration separation system may be applied
in various fields for separating a product contained in a feed stream including three or more components using the first
column 10 and the second column 20.
[0019] The feed stream may be a multi-component mixture that may occur during a chemical process. The multi-
component mixture may contain three or more materials, and specifically, may include a product, a high-boiling-point
material, and a low-boiling-point material. For example, the feed stream may include a multi-component mixture stream
from a naphtha cracking process and a reaction product stream from various reactions. As a specific example, the feed
stream may be a non-aromatic hydrocarbon stream occurring in a naphtha cracking process, and n-hexane may be
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separated from the non-aromatic hydrocarbon stream using the heat integration separation system.
[0020] The content of the product in the feed stream may be 10 wt% to 40 wt%, the content of the low-boiling-point
material may be 30 wt% to 60 wt%, and the content of the high-boiling-point material may be 30 wt% to 60 wt%.
[0021] According to an embodiment of the present invention, the first column 10 and the second column 20 may each
be a device for separating using a boiling point difference between components in the feed stream through distillation.
[0022] The upper discharge stream and the lower discharge stream of the first column 10 and the second column 20
may each be branched before or after heat exchange in the first heat exchanger 11 and the second heat exchanger 21.
A branched partial stream may be refluxed, and the remaining stream may be sent to a rear stage column or separated.
[0023] According to an embodiment of the present invention, operating pressures of the first column 10 and the second
column 20 may be different. For example, the operating pressure of the first column 10 may be lower than the operating
pressure of the second column 20, and as a specific example, the operating pressure of the first column 10 may be
lower by 0.5 kg/cm2.g or more, 0.6 kg/cm2.g or more, or 0.75 kg/cm2.g or more and 1 kg/cm2.g or less, 1.15 kg/cm2.g
or less, or 1.5 kg/cm2.g or less than the operating pressure of the second column 20. By controlling the operating pressure
of the first column 10 and the second column 20 within the above range, the upper discharge stream of the second
column 20 may be heat-exchanged with the lower discharge stream of the first column in the first heat exchanger 11,
while the separation efficiency in the first column 10 and the second column 20 is increased.
[0024] In order to perform sufficient heat exchange between the streams in the process, there should be a difference
in temperature between the streams, and to this end, the operating pressure of the column providing energy, for example,
the second column 20, may be increased. As such, when the operating pressure of the second column 20 is increased,
the temperature of the upper discharge stream may be increased, so that heat exchange with the lower discharge stream
of the first column 10 may be facilitated, but at the same time, the temperature of the lower discharge stream of the
second column 20 is also increased. In this case, in addition to the low temperature of the upper discharge stream of
the first column 10 operated at low pressure, compared with the second column 20, the temperature of the lower discharge
stream of the second column 20 may be increased, and as a result, the upper discharge stream of the first column 10
and the lower discharge stream of the second column 20 may not have an appropriate temperature difference and it
may be difficult to exchange heat therebetween. In addition, even if heat exchange is performed in the second heat
exchanger 21, the upper discharge stream of the first column 10 requires a cooler and cooling energy for additional
cooling, and the lower discharge stream of the second column 20 requires a heater and heating energy for additional
heating.
[0025] According to an embodiment of the present invention, the upper discharge stream of the first column 10 may
be compressed using the compressor 30 to increase a temperature due to gas characteristics, and the upper discharge
stream of the first column 10 increased in temperature may be heat exchanged with the lower discharge stream of the
second column 20. Specifically, the upper discharge stream of the first column 10 may pass through the compressor
30 to be compressed, and then heat-exchanged with the lower discharge stream of the second column 20 in the second
heat exchanger 21.
[0026] A compression degree of the upper discharge stream of the first column 10 may be controlled according to
thermal energy required by the compressor 30, and the pressure after passing through the compressor 30 may be 1
kg/cm2.g to 30 kg/cm2.g higher than that before passing through the compressor 30.
[0027] In general, there is a limit to increasing the temperature and thermal energy of the fluid by compressing gas
with the compressor 30, and, for example, heat transfer efficiency of the heat exchanger may be increased by increasing
the temperature by compressing up to 30 kg/cm2.g. However, even in this case, heat energy of the compressed fluid is
insufficient, so temperature reversal may occur after heat exchange without additional heating. Therefore, even if the
upper discharge stream of the first column 10 is simply compressed to the maximum capacity of the compressor 30, the
temperature may be increased, but since thermal energy is insufficient, when heat-exchanged with the lower discharge
stream of the second column 20, additional heating energy may be required due to insufficient thermal energy of the
compressed fluid. In this connection, in the present invention, the temperature after heat exchange is controlled to
prevent temperature reversal through sufficient thermal energy, so that the process may be operated without using
additional heating energy.
[0028] According to an embodiment of the present invention, in separating the product in the feed stream using the
first column 10 and the second column 20, the heat integration separation system may be operated to satisfy Equation
1 below, so that the heat integration separation system may be operated without using additional fossil fuels. 

[0029] In Equation 1, T1 is a temperature of the lower discharge stream of the first column 10 that is refluxed to the
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first column 10 after heat exchange in the first heat exchanger 11, T2 is a temperature of the upper discharge stream
of the second column 20 that is refluxed to the second column 20 after heat exchange in the first heat exchanger 11,
T3 is a temperature of the lower discharge stream of the second column 20 that is refluxed to the second column 20
after heat exchange in the second heat exchanger 21, and T4 is a temperature of the upper discharge stream of the
first column 10 that is refluxed to the first column 10 after heat exchange in the second heat exchanger 21.
[0030] Specifically, in Equation 1, T1, T2, T3, and T4, which are the temperatures of the streams heat-exchanged in
the first heat exchanger 11 or the second heat exchanger 21, respectively, may be affected by a flow rate of the feed
stream, the operating conditions of the first column 10 and the second column 20, the temperature, composition, flow
rate, etc. of each stream heat-exchanged in the first heat exchanger 11 or the second heat exchanger 21. When Equation
1 is not satisfied, the temperature reversal may occur after heat exchange, so heat exchange is impossible without
additional fuel use, or the heat exchange efficiency is lowered, so that fossil fuels are additionally used as heating energy,
resulting in the occurrence of carbon dioxide. As a specific example, when the temperature reversal occurs after heat
exchange between the low temperature T1 and the high temperature T2, T2 becomes lower than T1, so it can be seen
that the heat exchange from T2 to T1 is not sufficiently performed, and even when the temperatures are equal after the
low temperature T1 and the high temperature T2 are heat-exchanged, it can be seen that the heat exchange efficiency
is low because T2 and T1 are equal, so the heat exchange was not sufficiently performed. Therefore, in both cases, it
is necessary to use additional heating energy to increase T2, and there is a problem in that carbon dioxide occurs due
to the use of fuel in this process.
[0031] T1 and T2, and T3 and T4 may each have a difference of 0.1°C or more, 0.6°C or more, 1.2°C or more, 2°C
or more, or 2.2°C or more, and 2°C or less, 2.5°C or less, 3°C or less, 4°C or less, 5°C or less, or 6°C or less. Specifically,
if T1 is lower than T2 or T3 is lower than T4, heat exchange may be impossible due to temperature reversal, and if T1
and T2 are equal or T3 and T4 are equal, heat exchange efficiency may be deteriorated. In addition, since T1 and T2,
and T3 and T4 each have a temperature difference within the above range, the stream serving as a warm medium
providing heat among the streams to be heat exchanged has sufficient thermal energy, so that heat exchange is possible
effectively and the use of additional heating energy may not be required.
[0032] In addition, T1 and T2 may have a difference of 0.1°C or more, 0.3°C or more, 0.6°C or more, 1°C or more,
2°C or more, or 2.2°C or more, and 2.5°C or less, 2.8°C or less, or 3°C or less. If the difference between T1 and T2 is
more than 3°C, even if the third heat exchanger 40 is fully utilized, a problem of occurrence a temperature reversal
between T3 and T4 may arise.
[0033] According to an embodiment of the present invention, the feed stream may be heated before being supplied
to the first column 10 or the second column 20. For example, a general heating method includes a heating method using
heating energy in a heater, but in the heat integration separation system operated as in the present invention, waste
heat in the process may be utilized to heat the feed stream, without using additional heating energy.
[0034] When the feed stream is supplied to the first column 10 or the second column 20, a product, a low-boiling-point
material, and a high-boiling-point material contained in the feed stream may be separated from each other in the first
column 10 or the second column 20. At this time, the low-boiling-point material may be separated from the upper discharge
stream of the first column 10 or the second column 20, and the high-boiling-point material may be separated from the
lower discharge stream of the first column 10 or the second column 20.
[0035] The stream including the low-boiling-point material and the stream including the high-boiling-point material may
form a mixed stream and may be discharged from the system, and the mixed stream may exchange heat with the feed
stream in the third heat exchanger 40 before being discharged. Specifically, additional heating energy may not be used
to heat the feed stream by heating the feed stream using waste heat of the mixed stream of the stream including the
low-boiling-point material and the stream including the high-boiling-point material, and, by heating the feed stream, a
flow rate of the upper discharge stream of the first column 10 may be increased to satisfy Equation 1, and heat exchange
efficiency with the lower discharge stream of the second column 20 may be increased without temperature reversal.
[0036] After heat exchange in the third heat exchanger 40, a temperature difference between the mixed stream of the
stream including the low-boiling-point material and the stream including the high-boiling-point material and the feed
stream may be 0.1°C or more, 1°C or more, 1.5°C or more, 1.8°C, 2°C or more or 2.5 °C or more and 3°C or less, 5.7°C
or less, 6°C or less, 7°C or less, 8°C or less, 9°C or less, or 10°C or less. The temperature of the feed stream after the
heat exchange may be affected by the temperature, composition, and flow rate of the feed stream and the mixed stream,
and by adjusting the temperature difference between the mixed stream and the feed stream after heat exchange in the
third heat exchanger 40 within the above range, Equation 1 may be satisfied, and operating conditions optimized for the
heat integration separation system according to the present invention may be implemented.
[0037] According to an embodiment of the present invention, a product, a low-boiling-point material, and a high-boiling-
point material in the feed stream may be separated through various operations using the first column 10 and the second
column 20.
[0038] As an example, as shown in FIG. 1, a feed stream may be supplied to the first column 10, a low-boiling-point
material may be separated from the upper discharge stream of the first column 10, a product may be separated from
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the upper discharge stream of the second column 20, and a high-boiling-point material may be separated from the lower
discharge stream of the second column 20. Specifically, after the feed stream passes through the third heat exchanger
40, the feed stream may be supplied to the first column 10, a partial stream of the lower discharge stream of the first
column 10 may be supplied to the first heat exchanger 11 to be heat-exchanged with the upper discharge stream of the
second column 20 and then refluxed to the first column 10, and the remaining stream may be supplied to the second
column 20. In addition, the upper discharge stream of the first column 10 may be compressed in the compressor 30 and
supplied to the second heat exchanger 21 to exchange heat with a partial stream of the lower discharge stream of the
second column 20, and then the partial stream may be refluxed to the first column 10, a low-boiling-point material may
be separated from the remaining stream, and the remaining stream may be heat-exchanged with the feed stream in the
third heat exchanger 40 and then discharged. In addition, after the upper discharge stream of the second column 20 is
heat-exchanged in the first heat exchanger 11, a partial stream may be refluxed to the second column 20, and a product
may be separated from the remaining stream. In addition, a partial stream of the lower discharge stream of the second
column 20 may pass through the second heat exchanger 21 and may then be refluxed to the second column 20, a high-
boiling-point material may be separated from the remaining stream, and the remaining stream may be heat-exchanged
with the feed stream in the third heat exchanger 40 and then discharged. At this time, the remaining stream of the upper
discharge stream of the first column 10 passing through the second heat exchanger 21 may form a mixed stream with
the remaining stream of the lower discharge stream of the second column 20, and the mixed stream may be heat-
exchanged with the feed stream in the third heat exchanger 40 and then discharged.
[0039] As another example, as shown in FIG. 2, a feed stream may be supplied to the first column 10, a high-boiling-
point material may be separated from the lower discharge stream of the first column 10, a low-boiling-point material may
be separated from the upper discharge stream of the second column 20, and a product may be separated from the lower
discharge stream of the second column 20. Specifically, after the feed stream passes through the third heat exchanger
40, the feed stream may be supplied to the first column 10, a partial stream of the lower discharge stream of the first
column 10 may be supplied to the first heat exchanger 11 to be heat-exchanged with the upper discharge stream of the
second column 20 and then refluxed to the first column 10, a high-boiling-point material may be separated from the
remaining stream, and the remaining stream may be heat-exchanged with the feed stream in the third heat exchanger
40 and then discharged. In addition, the upper discharge stream of the first column 10 may be compressed in the
compressor 30 and supplied to the second heat exchanger 21 to exchange heat with a portion of the lower discharge
stream of the second column 20, and then a partial stream is refluxed to the first column 10, and the remaining stream
may be supplied to the second column 20. In addition, after the upper discharge stream of the second column 20 is
heat-exchanged in the first heat exchanger 11, a partial stream may be refluxed to the second column 20, a low-boiling-
point material may be separated from the remaining stream, and the remaining stream may be heat-exchanged with the
feed stream in the third heat exchanger 40 and then discharged. In addition, a partial stream of the lower discharge
stream of the second column 20 may pass through the second heat exchanger 21 and may then be refluxed to the
second column 20, and a product may be separated from the remaining stream. At this time, the remaining stream of
the upper discharge stream of the second column 20 passing through the first heat exchanger 11 may form a mixed
stream with the remaining stream of the lower discharge stream of the first column 10, and the mixed stream may be
heat-exchanged with the feed stream in the third heat exchanger 40 and then discharged.
[0040] As another example, as shown in FIG. 3, a feed stream may be supplied to the second column 20, a high-
boiling-point material may be separated from the lower discharge stream of the second column 20, a low-boiling-point
material may be separated from the upper discharge stream of the first column 10, and a product may be separated
from the lower discharge stream of the first column 10. Specifically, after the feed stream passes through the third heat
exchanger 40, the feed stream may be supplied to the second column 20, a partial stream of the lower discharge stream
of the second column 20 may be supplied to the second heat exchanger 21 to be heat-exchanged with the upper
discharge stream of the first column 10 compressed through the compressor 30 and then refluxed to the second column
20, a high-boiling-point material may be separated from the remaining stream, and the remaining stream may be heat-
exchanged with the feed stream in the third heat exchanger 40 and then discharged. In addition, the upper discharge
stream of the second column 20 may be supplied to the first heat exchanger 11 to be heat-exchanged with a partial
stream of the lower discharge stream of the first column 10, and then, the partial stream may be refluxed to the second
column 20, and the remaining stream may be supplied to the first column 10. In addition, the upper discharge stream
of the first column 10 may be compressed in the compressor 30 to be supplied to the second heat exchanger 21, heat-
exchanged in the second heat exchanger 21, and then, a partial stream may be refluxed to the first column 10, a low-
boiling-point material may be separated from the remaining stream, and the remaining stream may be heat-exchanged
with the feed stream in the third heat exchanger 40 and then discharged. In addition, a partial stream of the lower
discharge stream of the first column 10 may pass through the first heat exchanger 11 and may then be refluxed to the
first column 10, and a product may be separated from the remaining stream. At this time, the remaining stream of the
upper discharge stream of the first column 10 passing through the second heat exchanger 21 may form a mixed stream
with the remaining stream of the lower discharge stream of the second column 20, and the mixed stream may be heat-
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exchanged with the feed stream in the third heat exchanger 40 and then discharged.
[0041] As another example, as shown in FIG. 4, a feed stream may be supplied to the second column 20, a low-boiling-
point material may be separated from the upper discharge stream of the second column 20, a product may be separated
from the upper discharge stream of the first column 10, and a high-boiling-point material may be separated from the
lower discharge stream of the first column 10. Specifically, after the feed stream passes through the third heat exchanger
40, the feed stream may be supplied to the second column 20, a partial stream of the lower discharge stream of the
second column 20 may be supplied to the second heat exchanger 21 to be heat-exchanged with the upper discharge
stream of the first column 10 compressed through the compressor 30 and then refluxed to the second column 20, and
the remaining stream may be supplied to the first column 10. In addition, the upper discharge stream of the second
column 20 may be supplied to the first heat exchanger 11 to be heat-exchanged with a partial stream of the lower
discharge stream of the first column 10, and then, the partial stream may be refluxed to the second column 20, a low-
boiling-point material may be separated from the remaining stream, and the remaining stream may be heat-exchanged
with the feed stream in the third heat exchanger 40 and may then be discharged. In addition, the upper discharge stream
of the first column 10 may be compressed in the compressor 30 to be supplied to the second heat exchanger 21, heat-
exchanged in the second heat exchanger 21, and then, a partial stream may be refluxed to the first column 10, a product
may be separated from the remaining stream. In addition, a partial stream of the lower discharge stream of the first
column 10 may pass through the first heat exchanger 11 and may then be refluxed to the first column 10, a high-boiling-
point material may be separated from the remaining stream, and the remaining stream may be heat-exchanged with the
feed stream in the third heat exchanger 40 and then discharged. At this time, the remaining stream of the upper discharge
stream of the second column 20 passing through the first heat exchanger 11 may form a mixed stream with the remaining
stream of the lower discharge stream of the first column 10, and the mixed stream may be heat-exchanged with the feed
stream in the third heat exchanger 40 and then discharged.
[0042] According to an embodiment of the present invention, the content of the product in the stream from which the
product is separated, for example, the upper discharge stream or the lower discharge stream of the first column 10 or
the second column 20, may be 50 wt% to 85 wt%. In addition, a recovery rate of the product may be 60% to 95%. In
this case, the recovery rate of the product may refer to a content ratio of the product in the stream from which the product
is separated relative to the content of the product included in the feed stream.
[0043] According to an embodiment of the present invention, in the heat integration separation system, a device of a
column, a condenser, a reboiler, a valve, a pump, a separator, and a mixer may be additionally installed, if necessary.
[0044] As mentioned above, although the heat integration separation system according to the present invention has
been described and shown in the drawings, in the descriptions and the drawings above, only the essential components
for understanding the present invention are described and illustrated, and a process and a device not separately described
and not shown may be appropriately applied and used to implement the heat integration separation system according
to the present invention.
[0045] Hereinafter, the present invention will be described in more detail by way of examples. However, the following
examples are intended to illustrate the present invention, and it is apparent to those skilled in the art that various changes
and modifications may be made within the scope and spirit of the present invention, and the scope of the present invention
is not limited thereto.

Examples

Example 1

[0046] As shown in the process flow diagram shown in FIG. 1, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0047] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material passed through the third heat exchanger 40 and was then supplied to the first column
10 and a partial stream of the lower discharge stream of the first column 10 was supplied to the first heat exchanger 11,
heat-exchanged with the upper discharge stream of the second column 20, and then refluxed to the first column 10, and
the remaining stream was supplied to the second column 20. In addition, the upper discharge stream of the first column
10 was compressed in the compressor 30 and supplied to the second heat exchanger 21 to exchange heat with a partial
stream of the lower discharge stream of the second column 20, and then a partial stream was refluxed to the first column
10, and the remaining stream including the low-boiling-point material was separated, heat-exchanged with the feed
stream in the third heat exchanger 40, and then discharged. At this time, an operating pressure of the first column 10
was adjusted to 0.5 kg/cm2.g.
[0048] After the upper discharge stream of the second column 20 was heat-exchanged in the first heat exchanger 11,
a partial stream was refluxed to the second column 20, and a product was separated from the remaining stream. In
addition, a partial stream of the lower discharge stream of the second column 20 was passed through the second heat
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exchanger 21 and was then refluxed to the second column 20, and the remaining stream containing a high-boiling-point
material was separated, heat-exchanged with the feed stream in the third heat exchanger 40 and then discharged. At
this time, the remaining stream of the upper discharge stream of the first column 10 that has passed through the second
heat exchanger 21 and the remaining stream of the lower discharge stream of the second column 20 formed a mixed
stream, and the mixed stream was heat-exchanged with the feed stream in the third heat exchanger 40 and then
discharged. In addition, an operating pressure of the second column 20 was adjusted to 1.4 kg/cm2.g.
[0049] In Examples and Comparative Examples, the operation was performed so that the content of the product in
the stream from which the product was separated and a recovery rate of the product were the same.
[0050] A temperature Tin of the feed stream supplied to the first column 10 after heat exchange in the third heat
exchanger 40, a temperature T1 of the lower discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the first heat exchanger 11, a temperature T2 of the upper discharge stream of the second column 20
refluxed to the second column 20 after heat exchange in the first heat exchanger 11, a temperature T3 of the lower
discharge stream of the second column 20 refluxed to the second column 20 after heat exchange in the second heat
exchanger 21, a temperature T4 of the upper discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the second heat exchanger 21, and a temperature Tout of the mixed stream discharged after heat
exchange in the third heat exchanger 40 are shown in Table 1 below.
[0051] In addition, the amount of energy used in the process is shown in Table 2 below.

Example 2

[0052] As shown in the process flow diagram shown in FIG. 2, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0053] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material passed through the third heat exchanger 40 and was then supplied to the first column
10 and a partial stream of the lower discharge stream of the first column 10 was supplied to the first heat exchanger 11,
heat-exchanged with the upper discharge stream of the second column 20, and then refluxed to the first column 10, and
the remaining stream including a high-boiling-point material was separated and heat-exchanged with the feed stream
in the third heat exchanger 40, and then discharged. In addition, the upper discharge stream of the first column 10 was
compressed in the compressor 30 and supplied to the second heat exchanger 21 to exchange heat with a partial stream
of the lower discharge stream of the second column 20, and then a partial stream was refluxed to the first column 10,
and the remaining stream was supplied to the second column 20. At this time, an operating pressure of the first column
10 was adjusted to 0.5 kg/cm2.g.
[0054] After the upper discharge stream of the second column 20 was heat-exchanged in the first heat exchanger 11,
a partial stream was refluxed to the second column 20, and a remaining stream including a low-boiling-point material
was separated, heat-exchanged with the feed stream in the third heat exchanger 40, and then discharged. In addition,
a partial stream of the lower discharge stream of the second column 20 was passed through the second heat exchanger
21 and was then refluxed to the second column 20, and a product was separated from the remaining stream. At this
time, the remaining stream of the upper discharge stream of the second column 20 that has passed through the first
heat exchanger 11 and the remaining stream of the lower discharge stream of the first column 10 formed a mixed stream,
and the mixed stream was heat-exchanged with the feed stream in the third heat exchanger 40 and then discharged.
In addition, an operating pressure of the second column 20 was adjusted to 1.65 kg/cm2.g.
[0055] A temperature Tin of the feed stream supplied to the first column 10 after heat exchange in the third heat
exchanger 40, a temperature T1 of the lower discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the first heat exchanger 11, a temperature T2 of the upper discharge stream of the second column 20
refluxed to the second column 20 after heat exchange in the first heat exchanger 11, a temperature T3 of the lower
discharge stream of the second column 20 refluxed to the second column 20 after heat exchange in the second heat
exchanger 21, a temperature T4 of the upper discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the second heat exchanger 21, and a temperature Tout of the mixed stream discharged after heat
exchange in the third heat exchanger 40 are shown in Table 1 below.
[0056] In addition, the amount of energy used in the process is shown in Table 2 below.

Example 3

[0057] As shown in the process flow diagram shown in FIG. 3, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0058] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material passed through the third heat exchanger 40 and was then supplied to the second column
20 and a partial stream of the lower discharge stream of the second column 20 was supplied to the second heat exchanger
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21, heat-exchanged with the upper discharge stream of the first column 10 compressed through the compressor 30,
and then refluxed to the second column 20, and the remaining stream including a high-boiling-point material was separated
and heat-exchanged with the feed stream in the third heat exchanger 40, and then discharged. In addition, the upper
discharge stream of the second column 20 was supplied to the first heat exchanger 11 to exchange heat with a partial
stream of the lower discharge stream of the first column 10, and then a partial stream was refluxed to the second column
20, and the remaining stream was supplied to the first column 10. At this time, an operating pressure of the second
column 20 was adjusted to 1.25 kg/cm2.g.
[0059] After the upper discharge stream of the first column 10 was compressed in the compressor 30, supplied to the
second heat exchanger 21, and heat-exchanged in the second heat exchanger 21, a partial stream was refluxed to the
first column 10, and a remaining stream including a low-boiling-point material was separated, heat-exchanged with the
feed stream in the third heat exchanger 40, and then discharged. In addition, a partial stream of the lower discharge
stream of the first column 10 passed through the first heat exchanger 11 and was then refluxed to the first column 10,
and a product was separated from the remaining stream. At this time, the remaining stream of the upper discharge
stream of the first column 10 that has passed through the second heat exchanger 21 and the remaining stream of the
lower discharge stream of the second column 20 formed a mixed stream, and the mixed stream was heat-exchanged
with the feed stream in the third heat exchanger 40 and then discharged. In addition, an operating pressure of the first
column 10 was adjusted to 0.5 kg/cm2.g.
[0060] A temperature Tin of the feed stream supplied to the second column 20 after heat exchange in the third heat
exchanger 40, a temperature T1 of the lower discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the first heat exchanger 11, a temperature T2 of the upper discharge stream of the second column 20
refluxed to the second column 20 after heat exchange in the first heat exchanger 11, a temperature T3 of the lower
discharge stream of the second column 20 refluxed to the second column 20 after heat exchange in the second heat
exchanger 21, a temperature T4 of the upper discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the second heat exchanger 21, and a temperature Tout of the mixed stream discharged after heat
exchange in the third heat exchanger 40 are shown in Table 1 below.
[0061] In addition, the amount of energy used in the process is shown in Table 2 below.

Example 4

[0062] As shown in the process flow diagram shown in FIG. 4, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0063] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material passed through the third heat exchanger 40 and was then supplied to the second column
20, a partial stream of the lower discharge stream of the second column 20 was supplied to the second heat exchanger
21, heat-exchanged with the upper discharge stream of the first column 10 compressed through the compressor 30,
and then refluxed to the second column 20, and the remaining stream was supplied to the first column 10. In addition,
the upper discharge stream of the second column 20 was supplied to the first heat exchanger 11 to exchange heat with
a partial stream of the lower discharge stream of the first column 10, and then a partial stream was refluxed to the second
column 20, and the remaining stream including a low-boiling-point material was separated, heat-exchanged with the
feed stream in the third heat exchanger 40, and then discharged. At this time, an operating pressure of the second
column 20 was adjusted to 1.65 kg/cm2.g.
[0064] After the upper discharge stream of the first column 10 was compressed in the compressor 30, supplied to the
second heat exchanger 21, and heat-exchanged in the second heat exchanger 21, a partial stream was refluxed to the
first column 10, and a product was separated from a remaining stream. In addition, a partial stream of the lower discharge
stream of the first column 10 passed through the first heat exchanger 11 and was then refluxed to the first column 10,
and the remaining stream including a high-boiling-point material was separated, heat-exchanged with the feed stream
in the third heat exchanger 40, and then discharged. At this time, the remaining stream of the upper discharge stream
of the second column 20 that has passed through the first heat exchanger 11 and the remaining stream of the lower
discharge stream of the first column 10 formed a mixed stream, and the mixed stream was heat-exchanged with the
feed stream in the third heat exchanger 40 and then discharged. In addition, an operating pressure of the first column
10 was adjusted to 0.5 kg/cm2.g.
[0065] A temperature Tin of the feed stream supplied to the second column 20 after heat exchange in the third heat
exchanger, a temperature T1 of the lower discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the first heat exchanger 11, a temperature T2 of the upper discharge stream of the second column 20
refluxed to the second column 20 after heat exchange in the first heat exchanger 11, a temperature T3 of the lower
discharge stream of the second column 20 refluxed to the second column 20 after heat exchange in the second heat
exchanger 21, a temperature T4 of the upper discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the second heat exchanger 21, and a temperature Tout of the mixed stream discharged after heat
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exchange in the third heat exchanger are shown in Table 1 below.
[0066] In addition, the amount of energy used in the process is shown in Table 2 below.

Comparative Examples

Comparative Example 1

[0067] As shown in the process flow diagram shown in FIG. 5, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0068] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material was supplied to the first column 10, a partial stream of the lower discharge stream of the
first column 10 passed through a reboiler 12 to be refluxed to the first column 10, and a high-boiling-point material was
separated from a remaining stream. In addition, after the upper discharge stream of the first column 10 passed through
the condenser 13, a partial stream was refluxed to the first column 10, and a remaining stream was supplied to the
second column 20.
[0069] The upper discharge stream of the second column 20 passed through a condenser 23, a partial stream was
refluxed to the second column 20, and a low-boiling-point component was separated from the remaining stream. In
addition, a partial stream of the lower discharge stream of the second column 20 passed through a reboiler 22, was
refluxed to the second column 20, and a product was separated from the remaining stream.
[0070] At this time, operating conditions of the first column 10 and the second column 20 were each controlled to 0.5
kg/cm2.g.
[0071] In addition, the amount of energy used in the process is shown in Table 2 below.

Comparative Example 2

[0072] As shown in the process flow diagram shown in FIG. 6, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0073] Specifically, a feed stream containing 20 wt% of n-hexane, 40 wt% of a low-boiling-point material, and 40 wt%
of a high-boiling-point material was supplied to the first column 10, the upper discharge stream of the first column 10
passed through the condenser 13, and then, a partial stream was refluxed to the first column 10, and a low-boiling-point
material was separated from a remaining stream. In addition, a partial stream of the lower discharge stream of the first
column 10 passed through the reboiler 12 to be refluxed to the first column 10, and a remaining stream was supplied to
the second column 20. After the upper discharge stream of the second column 20 was passed through the condenser
23, a partial stream was refluxed to the second column 20, and a product was separated from the remaining stream. In
addition, a partial stream of the lower discharge stream of the second column 20 passed through the reboiler 22, was
refluxed to the second column 20, and a high-boiling-point material was separated from the remaining stream.
[0074] At this time, operating conditions of the first column 10 and the second column 20 were each controlled to 0.5
kg/cm2.g.
[0075] In addition, the amount of energy used in the process is shown in Table 2 below.

Comparative Example 3

[0076] As shown in the process flow diagram shown in FIG. 7, the heat integration separation system was verified
using a commercial simulation tool (Aspen Plus manufactured by Aspen Corporation).
[0077] Specifically, Comparative Example 3 was conducted in the same manner as that of Comparative Example 2,
except that the lower discharge stream of the first column 10 and the upper discharge stream of the second column 20
were heat-exchanged in the first heat exchanger 11 in Comparative Example 2.
[0078] In addition, the amount of energy used in the process is shown in Table 2 below.

Comparative Examples 4 and 5

[0079] As a method of adjusting a flow rate of the mixed stream passing through the third heat exchanger 40 in Example
2, Comparative Examples 4 and 5 were conducted in the same manner as that of Example 1, except that a temperature
of the feed stream supplied to the first column 10 through the third heat exchanger 40 was different.
[0080] A temperature Tin of the feed stream supplied to the first column 10 after heat exchange in the third heat
exchanger, a temperature T1 of the lower discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the first heat exchanger 11, a temperature T2 of the upper discharge stream of the second column 20
refluxed to the second column 20 after heat exchange in the first heat exchanger 11, a temperature T3 of the lower
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discharge stream of the second column 20 refluxed to the second column 20 after heat exchange in the second heat
exchanger 21, a temperature T4 of the upper discharge stream of the first column 10 refluxed to the first column 10 after
heat exchange in the second heat exchanger 21, and a temperature Tout of the mixed stream discharged after heat
exchange in the third heat exchanger are shown in Table 1 below.

[0081] In Table 2, the energy consumption was measured for each of cooling energy, heating energy, and electric
energy. Specifically, in the case of Examples 1 to 4, the amount of electrical energy used in the compressor 30 was
measured, and the amount of electrical energy used in Example 1 was converted into a percentage and displayed. In
addition, in the case of Comparative Examples 1 to 3, the cooling energy and heating energy consumption were calculated
in consideration of conversion efficiency to electric energy of about 30%, and the electric energy consumption in Example
1 was converted into a percentage and displayed.
[0082] Referring to Table 1 and Table 2, in the case of Examples 1 to 4 in which the product is separated from the
feed stream using the heat integration separation system according to the present invention, energy consumption was
reduced, and since additional cooling energy and heating energy were not used, an occurrence of carbon dioxide was
reduced. In particular, in the case of Example 1, it can be seen that a maximum use temperature in the process was
low and a waste heat recovery rate was high, so that the energy saving effect was the greatest.
[0083] In comparison, in Comparative Examples 1 and 2, in which waste heat was not reused through heat exchange
in the process, it can be seen that the energy consumption was significantly increased compared to Examples 1 to 4,
and in Comparative Example 3, the energy consumption was decreased through heat exchange between the streams
in the process, compared to Comparative Examples 1 and 2, but the energy consumption was confirmed to be still high,
compared to Examples 1 to 4.
[0084] In addition, it can be seen that, in Comparative Examples 4 and 5 in which the heat integration separation
system is operated as in Examples 1 to 4 but does not satisfy the temperature condition of Equation 1, sufficient heat
exchange is not achieved, so additional heating energy and cooling energy are required. Specifically, in the case of
Comparative Examples 4 and 5, the temperature reversal occurred between T3 and T4, so that thermal energy of the
upper discharge stream of the first column 10 refluxed to the first column 10 after heat exchange in the second heat
exchanger 21 was not sufficient, and thus, it was difficult to exchange heat.

Claims

1. A heat integration separation system comprising:

a first column; and

[Table 1]

Tin T1 T2 T3 T4 Tout

Example 1 62.0 94.9 97.4 107.5 109.7 64.5

Example 2 65.0 96.0 97.2 109.9 112.1 66.8

Example 3 62.0 92.3 92.9 107.9 109.9 64.7

Example 4 63.0 94.6 97.4 112.2 117.6 68.7

Comparative Example 4 40.0 96.0 97.2 109.9 108.2 91.6

Comparative Example 5 50.0 96.0 97.2 109.9 109.8 85.3

[Table 2]

Example Comparative Example

1 2 3 4 1 2 3

Energy consumption Cooling energy (%) 0 0 0 0 182 185 100

Heating energy (%) 0 0 0 0 187 187 100

Electric energy (%) 100 108 108 115 - - -
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a second column,
wherein an upper discharge stream of the first column passes through a compressor to be compressed and
then heat-exchanged with a lower discharge stream of the second column in a second heat exchanger,
an upper discharge stream of the second column is heat-exchanged with a lower discharge stream of the first
column in a first heat exchanger, and
Equation 1 below is satisfied: 

wherein T1 is a temperature of the lower discharge stream of the first column that is refluxed to the first column
after heat exchange in the first heat exchanger, T2 is a temperature of the upper discharge stream of the second
column that is refluxed to the second column after heat exchange in the first heat exchanger, T3 is a temperature
of the lower discharge stream of the second column that is refluxed to the second column after heat exchange
in the second heat exchanger, and T4 is a temperature of the upper discharge stream of the first column that
is refluxed to the first column after heat exchange in the second heat exchanger.

2. The heat integration separation system of claim 1, wherein the first column or the second column is supplied with
a feed stream including a product, a high-boiling-point material, and a low-boiling-point material.

3. The heat integration separation system of claim 2, wherein

the low-boiling-point material is separated from the upper discharge stream of the first column or the second
column,
the high-boiling-point material is separated from the lower discharge stream of the first column or the second
column,
the stream including the low-boiling-point material and the stream including the high-boiling-point material form
a mixed stream, and
the mixed stream is heat-exchanged with a feed stream in a third heat exchanger.

4. The heat integration separation system of claim 3, wherein, after the heat exchange in the third heat exchanger, a
temperature difference between the mixed stream and the feed stream is 0.1°C to 10°C.

5. The heat integration separation system of claim 2, wherein

the feed stream is supplied to the first column,
the high-boiling-point material is separated from the lower discharge stream of the first column,
the low-boiling-point material is separated from the upper discharge stream of the second column, and
the product is separated from the lower discharge stream of the second column;

6. The heat integration separation system of claim 2, wherein

the feed stream is supplied to the first column,
the low-boiling-point material is separated from the upper discharge stream of the first column,
the product is separated from the upper discharge stream of the second column, and
the high-boiling-point material is separated from the lower discharge stream of the second column.

7. The heat integration separation system of claim 2, wherein

the feed stream is supplied to the second column,
the high-boiling-point material is separated from the lower discharge stream of the second column,
the low-boiling-point material is separated from the upper discharge stream of the first column, and
the product is separated from the lower discharge stream of the first column.

8. The heat integration separation system of claim 2, wherein
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the feed stream is supplied to the second column,
the low-boiling-point material is separated from the upper discharge stream of the second column,
the product is separated from the upper discharge stream of the first column, and
the high-boiling-point material is separated from the lower discharge stream of the first column.

9. The heat integration separation system of claim 1, wherein an operating pressure of the first column is 0.5 kg/cm2.g
to 1.5 kg/cm2.g lower than an operating pressure of the second column.

10. The heat integration separation system of claim 1, wherein T1 and T2, and T3 and T4 each have a difference of
0.1°C to 6°C.

11. The heat integration separation system of claim 1, wherein T1 and T2 have a difference of 0.1°C to 3°C.
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